Objective: To assess possible effect of high altitude on early childhood growth in Tibet. Method: A cross-sectional survey on child health and nutrition was conducted in Tibet with stratified multistage cluster random sampling technique. Height and weight status of Tibetan children o36 months of age was measured. A questionnaire was administered to mothers of children for information on family background, child feeding practice and health care and maternal care. A total of 1458 children with complete information were used for analysis. A logistic regression model was used to control for selected potential confounding factors and then observed altitude effect on growth of Tibetan children. Results: Positive association of stunting with altitude was observed for each age group, even after controlling for selected potential affecting factors. Children above 3500 m had two to six times risk of getting stunting compared with those at 3000 m when socioeconomic and other factors were controlled. Effect of altitude on underweight was observed only among children o24 months old and significant increase in odds ratio appeared only above 4000 m after controlling for those confounding factors. Indicator of wasting was not related to altitude. Conclusions: Altitude might result in a delay in height of younger Tibetan children, independent of socioeconomic and other factors operating through nutrition and disease, and took adverse effect persistently through birth to 3 years old. Its adverse effect on weight could be limited. For comparison and assessment of nutritional status of Tibetan children, the effect of altitude on growth should be taken into account.
Tibet is located at Qing-Tibetan highland with high altitudes and Tibetan people usually live in high-altitude hypoxia environments with average altitude of 4000 m (Liu, 1988) , which provides a natural experimental setting to investigate effect of high altitude on child growth. Studies have showed that altitude is associated with reduced birth weight and reduced childhood growth among different population (Pawson, 1977; Beall, 1981; Haas et al., 1982; Yip, 1987; Yip et al., 1988; Leonard et al., 1995; Weitz et al., 2000; Weitz and Garruto, 2004) . However, related studies among Tibetan children were limited and yielded highly varied results. Some studies among Tibetan population confirmed that retarded growth was attributed to high altitude (Pawson, 1977; Beall, 1981) . Other studies did not find it (Weitz et al., 2000; Harris et al., 2001) . In these studies, a number of factors might confound this relationship such as economic status, health care access and child feeding patterns (de Meer et al., 1993; Obert et al., 1994; Frongillo et al., 1997) . Moreover, studies showed that adaptation to high altitude made a difference among Tibetan population and their adaptive respond to high altitude seemed different from that of their counterparts at other highlands (Zamudio et al., 1993; Niermeyer et al., 1995; Beall, 2000; Moore et al., 2001) . Thus the issue of the relationship between altitude and growth among Tibetan children requires further investigation. Our previous study in Tibet found reduced growth of younger Tibetan children, especially higher stunting (Dang et al., 2004) . In this paper, we sought to further determine effect of altitude on their growth after controlling for selected potential confounding factors from socioeconomic status, child feeding and morbidity and maternal health care.
Subjects and methods

Subjects
During August through September of 1999, we examined 1655 children younger than 36 months who were selected randomly from rural and urban area. A stratified multistage cluster random sampling technique was adopted to obtain subjects. For rural areas, study areas were stratified by district. Then counties were sampled from each district based on population size of each district in 1998, and townships from each sampled county. Administrative Committee of Inhabitant was used as the stratifying unit for urban areas. These children were from 145 sampled townships and four sampled Administrative Committees of Inhabitant of two cities. These sampled townships were from 29 sampled counties in seven districts with altitudes ranged from 2300 to 5400 m. The median altitude of two cities was 3650 m for Lhasa and 3850 m for Xigaze. Owing to most children (over 93%) living at altitude more than 3000 m, our analysis was limited to children who lived at an altitude of 3000-5400 m.
Anthropometry
Anthropometric measurements, including height and weight, were used to assess children growth and nutritional status. All children were measured recumbent length with a standard calibrated board accurate to the nearest 1 mm (Model WB-II, Beijing Tractor Company No.6 Measuring Factory, Beijing, China) and their weights were measured to the nearest 500 g with a standard calibrated balance scale Wuxi Measurement Factory, Wuxi, China) . Measurement was performed based on recommended standard method by trained interviewers (Lohman et al., 1991) . We used z-score system to calculate z-scores of height for age (HAZ), weight for age (WAZ) and weight for height (WHZ) from the reference of NCHS/WHO (1978) (Dibley et al., 1987; Physical status, 1995) . The prevalence of stunting, underweight and wasting was determined as percentage of children whose HAZ, WAZ and WHZ were below À2, respectively (Physical Status, 1995) . Altitude assigned to each child was based on the altitude of each investigated township obtained from the township administration. Altitudes were divided into four intervals as 3000, 3500, 4000 and X4500 m according to geographical features and statistical purpose. The prevalence of malnutrition at each altitude interval was computed.
Control variables
It is necessary to control for potential confounding factors in order to distinguish effect of altitude on growth. According to current knowledge and nature of our data, we selected some potential affecting factors mainly from three levels, that is socioeconomic level, child level and mother level, as control variables shown in Table 1 . We selected them based on two considerations. One is that those factors possibly affected growth of Tibetan children directly or indirectly, which was mainly based on related studies. Another is that High altitude retards child growth S Dang et al they varied among subjects across altitudes, which was identified by analyzing our data. Studies showed that a number of factors are related to child growth. Direct factors include nutrition as feeding mode, energy, macronutrients and micronutrients and health as infection. Indirect factors refer to social, environmental and economic factors as food security, household economic status, maternal and child care, health services and environment (Frongillo et al., 1997; Kikafunda et al., 1998; Stephensen, 1999; Nandy et al., 2005) . Study found that three-quarters of variability among countries in the prevalence of stunting was explained by social, human development and economic factors (Frongillo et al., 1997) . Our study also showed rural Tibetan children had higher prevalence of stunting and underweight than urban children (Dang et al., 2004) . Therefore, at socioeconomic level, we selected factors as residence, access to safe water, main source of household income, family size and parity as indicators of socioeconomic status. At child level, child's gender and age, child morbidity and feeding were selected. Feeding practice impacts directly child nutritional status, especially younger child (Nandy et al., 2005) . Indicators as duration of breastfeeding and introduction of animal foods and vegetables by age 6 months were used. Prevalence of diarrhea and upper respiratory infection within last month were used as indicators to measure child morbidity (Stephensen, 1999; Nandy et al., 2005) . At mother level, mother's education level was included. Place of delivery and antennal care were selected as indicators of maternal care.
Most of selected control variables were found various significantly across altitudes. Children living at higher altitudes tended to have higher prevalence of upper respiratory infection but lower prevalence of diarrhea than those at lower altitudes. Duration of breastfeeding tended to increase with altitude increase. For example, 42.6% of children living at 4500 m or above could keep breasting more than 18 months. This figure was just 27.6% among children at 3000-3500 m. Moreover, natural and social environment in which Tibetan children lived also differed across altitudes. The families of children at high altitudes usually exhibited some typical characteristics as more members in family, life style of farming or animal raising and poor access to safe water. The mothers from those families usually were less educated. Above 4500 m, 68.7% of mothers never experienced any antennal exam during their pregnancy with investigated children compared with 38.8% at 3000-3500 m. Information above was collected by a designed family questionnaire covering family background, child feeding practice and health care, and maternal care.
Quality control
A pilot survey was performed before the formal survey to acquire the necessary information and test questionnaire items. All data for analysis were from formal survey. The interviewers (physicians from local MCH stations or teachers from Faculty of Public Health, Xi'an Jiaotong University) were trained to standardize questionnaire administration and anthropometric measurements for at least one week including lectures and practices in the field before commencement of the survey. Seven investigation teams were established for seven districts, each consisting of four members and a supervisor. Of the members, at least two were Tibetan who can communicate in both Tibetan native language and Chinese. Verbal consent was obtained from parents or mother of each child. During survey, a checking system was applied including checking in the field by interviewing self, checking with each other and supervisor checking. Personnel from local hospitals and health offices assisted in organization of investigation and explanation of procedures to subjects. Subjects were re-interviewed when transcription or logical questions and missing values were found. Apparatuses for measurement were checked and/or adjusted for accuracy before daily work. Accurate age of child was collected from Permanent Residence Registration and/or Record of Scheming Immunization where birth date was recorded. When necessary, Tibetan lunar calendar dates were converted to Gregorian calendar dates. All subjects were interviewed face to face by trained professional interviewers to collect anthropometric data. This study was approved by the ethical committee of Xi'an Jiaotong University.
Data analysis
Database was established using Epi info version 6 (CDC, Atlanta, GA, USA) and duplication was adopted for data entry. Flexible exclusion range was used for excluding the unreasonable anthropometric data before analysis (Physical status, 1995) . As a result, 1458 data were left for 
Results
Characteristics of the sample Table 1 showed characteristics of 1485 children younger than 3 years old with complete information for anthropometric analysis, including 747 boys and 711 girls. Most of the children (98%) belonged to native Tibet. 54% of children lived at altitudes of 3500-4000 m. Most of the children (84.8%) lived in rural areas (agricultural or pastoral areas). More than 60% of their families had 4-7 members. Near 60% of the families made a living on farming or animal raising. About 65% of the families got drinking water directly from river, lake or rain. Children were usually born at home (76.6%). The duration of breastfeeding of children was longer and more than one-third of children could keep breastfeeding for more than 18 months. But only 38.5 and 16.7% of children could be fed animal foods and vegetables by 6 months, respectively. More than one-third of children suffered from diarrhea or upper respiratory infection 1 month before interview time. About 60% of mothers of children had no formal schooling. More than 50% of mothers received no antennal care during the pregnancy with investigated children.
Prevalence of stunting, underweight and wasting across altitudes Positive association of stunting or underweight with altitudes was found before controlling for selected affecting potential factors. Prevalence of stunting ascended significantly with altitude increase, from 25.6% at o3500 m to 56.4% at X4500 m (Po0.001, Trend w 2 ¼ 47.8). Also, a significant positive relationship was found between prevalence of underweight and altitudes (Po0.001, Trend w 2 ¼ 10.2). But prevalence of wasting did not change significantly with altitude increase (P40.5, Trend w 2 ¼ 0.05) (Figure 1 ).
Effect of altitude on stunting, underweight and wasting Table 2 indicates nutritional status differentials across altitudes by age. Results were based on logistic regression model, and altitude effect was measured by each altitude interval/reference of 3000 m OR before and after controlling for selected background variables shown in Table 1 . In the case of stunting for age group of 0-11.99 months, unadjusted OR went up from 2.13 to 6.23 with altitude increase compared with reference altitude. After controlling for selected variables, this increase trend persisted, adjusted ORs increased from 2.61 to 4.98, which meant high altitude resulted in stunting, independent of other factors related to growth. For the age group of 12-23.99 months, although ORs became smaller than ones of younger group, altitude effect persisted and unadjusted OR for each altitude interval exceeded 1.00 significantly (Po0.05). After controlling for selected variables, children aged 12-23.99 months living above 3500 m had 1.90-3.08 times risk of being stunted relative to those living below 3500 m. For the age group of 24-35.99 months, OR for each altitude was larger than 1.00 Figure 1 Prevalence of stunting, underweight and wasting across altitudes.
High altitude retards child growth S Dang et al significantly (Po0.01) and went up with altitude increase. After controlling for selected variables, children living above 3500 m had 2.78-5.67 times risk of being stunted relative to those living below o3500 m.
In the case of underweight for the age group of 0-11.99 months, although unadjusted ORs except that of 3500 m were larger than 1.00 significantly (Po0.05) compared with reference altitude, only adjusted OR for altitude interval of 4000 m was statistically significant (OR ¼ 3.94, Po0.05) after controlling for selected variables. For the age group of 12-23.99 months, the similar situation was observed and only adjusted OR for altitude interval as 4500 m was statistically significant (OR ¼ 2.23, Po0.01). For the age group of 24-35.99 months, although unadjusted or adjusted ORs were large than 1.00, all of them were not significant in statistics. This result implied effect of altitude on underweight was limited and only made a difference for children younger than 2 years old.
In the case of wasting, altitude could not be related to this indicator significantly regardless of young or old children. There was not a significantly increasing trend found in ORs as altitude increased before and after controlling for selected variables.
Discussion
Our study setting is located in Qing-Tibetan highland with average altitude of 4000 m. More than 90% of our subjects lived at altitude from 3000 to 5000 m. As a result, our study was allowed to determine effect of high altitude on Tibetan child growth. This study demonstrates that a positive doseresponse relationship in high prevalence of stunting with increasing altitude was observed for each age group, but the effect of altitude on underweight only worked for children younger than 2 years old.
Postnatal growth was affected by multiple factors as prenatal factors, feeding model, morbidity, maternal factors and factors from social economic and environmental status (Kikafunda et al., 1998; Stephensen, 1999; Nandy et al., 2005) . Our data also showed that some factors highly varied among children at different altitudes. Especially, differences in economic development appeared to coincide with altitude differences. With the purpose of determining whether high altitude was an independent factor affecting postnatal growth of younger Tibetan children, we employed a logistic regression model to control for potential confounding factors. We found effect of altitude on stunting persisted regardless of young or old children. Children living above 3500 m had two to six times risk of getting stunting compared with those below living 3500 m when other potential confounding factors were controlled. This result provided us of evidence that high altitude retarded height of younger Tibetan children independent of other potential factors. Moreover, children aged 12-23.99 months suffered from other more risk factors as disadvantaged feeding practices, morbidity and poor health care in this period (Frongillo et al., 1997; Kikafunda et al., 1998) , but the adverse Table 2 Effect (each altitude/reference of 3000 m odd ratios, ORs) of altitudes on stunting, underweight and wasting of children in Tibet at three age groups before and after adjustment for selected control variables effect of high altitude on occurrence of their stunting was still observed controlling for these potential factors. These analyses demonstrated that high altitude could result in a delay in liner growth of early childhood in Tibet, independent of various social and other factors operating through nutrition and disease. This consequences also confirmed previous findings in other child populations as white nonHispanic children of the United States and children in Bolivia and Ecuador (Haas et al., 1982; Leonard et al., 1995) .
About relationship between altitude and underweight, we did not observe consistent result with previous study . After controlling for potential confounding factors, only higher altitude could impact child weight and its adverse effect presented within the first 2 years of life of Tibetan children. This result implied that effect of altitude on weight could be limited. A study found that the proportion of children with lower birth weight was greater at high altitude after controlling for socioeconomic status (Yip, 1987) . Children with lower birth weight were more prone to be stunting or underweight, so that postnatal underweight might be persistence of lower birth weight deduced partly by altitude (Binkin et al., 1988; Yip et al., 1988) . Thus, it is possible that children at higher altitude presented lighter than those at lower altitude during a period of time after birth and thereafter weight gain was improved and difference in weight across altitudes disappeared after the children reached the age of 2 years. Moreover, it should be considered that postnatal weight might be less retarded by high altitude than height. To some extent, attribution of height to weight could account for existing positive relationship between weight and altitude among younger Tibetan children. A study also found younger Tibetan children appeared not to have a higher prevalence of underweight than their counterparts from rural areas of western China at relatively low altitudes (23.7 vs 22.5%) (Dang et al., 2004) . Older child's weight could be easier to be affected much by such factors as disadvantaged complementary feeding and morbidity, which could account for our finding that effect of altitude on underweight was not found among children aged 24-35.99 months before and after controlling for potential factors. A comparative study also observed that highland children were significantly shorter but not lighter than lowland children (de Meer et al., 1993) . Therefore, we assumed cautiously that there was a weak association between altitude and indicator of underweight among Tibetan children.
In case of wasting, there was not any association found with altitude regardless of young or old Tibetan children. Wasting was an indicator usually reflecting short-term change of nutrition (Physical status, 1995) . Among Tibetan children, the fact of high prevalence of stunting and underweight and low prevalence of wasting suggested this population experienced long-term malnutrition. It might be a reason why altitude did not impact this indicator.
Moreover, this indicator is less related to height, so this consequence also implied that retarded weight was less associated with high altitude.
Birth size and intrauterine growth status appear to be strong determinants of growth status later in childhood. High altitude leads to reduced birth weight and such effect was also observed among Tibetan children (Yip, 1987; Deng et al., 1991; Zamudio et al., 1993; Niermeyer et al., 1995; Moore et al., 2001) . However, most of children in our sample were born at home and information on birth weight was absent or not accurate so that it was not possible to use them as a control variable in analysis. Thus our study cannot control effect of birth weight. But a study suggested 60% of reduction of mean of height for age was attributable to the effect of altitude not related to birth weight . Other studies found that Tibetan babies weighed more than the babies of Han (ethnic Chinese) living at high altitudes and Tibetans had the least altitude-associated intrauterine growth restriction (IUGR) compared with Han and other high-altitude population (Niermeyer et al., 1995; Moore et al., 2001) . Therefore, we still concluded that altitude could affect early childhood growth in Tibet, independent of socioeconomic and other factors operating through nutrition and disease.
In conclusion, among Tibetan children, indicator of stunting was related to altitude strongly and significantly. Association of underweight with altitude could be weak. Wasting differential across altitudes was not found. It suggested that altitude might be an independent factor related to reduced height and might take adverse effect persistently through birth to 3 years old, but its adverse effect might be limited on weight. The major implication of our findings is that altitude can affect Tibetan childhood growth, especially height, independent of other affecting factors. Therefore, for comparison and assessment of nutritional status of Tibetan children, the effect of altitude on growth should be taken into account.
